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Abstract

therapies. This approach enhances treatment outcomes,

Precision dentistry utilizes omics sciences to tailor
dental care to individual patient needs. Technologies
such as genomics,

transcriptomics,  proteomics,

metabolomics, and epigenomics provide detailed
biological data for precise diagnosis and treatment
planning. Dentists analyze genetic variations, gene
expression profiles, protein biomarkers, metabolite
levels, and epigenetic modifications to assess oral

disease risks, monitor progression, and develop targeted

minimizes side effects, and improves patient satisfaction.
Interdisciplinary collaboration is essential for integrating
these technologies, emphasizing ethical considerations
and obtaining patient consent. As precision medicine
advances in dentistry, it promises customized
interventions that enhance oral health and patient well-
being.  Precision  medicine  improves  disease
comprehension and treatment by analyzing DNA, RNA,

and protein expression, reducing side effects. It
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emphasizes disease prevention and early detection
through genetic analysis. Advancing technology and
genetic insights will revolutionize disease management.
Molecular diagnostics and imaging are transforming
orthodontic care by efficiently customizing treatments.
Computer technology and biomedicine enable
personalized therapy and biomechanical planning, with
software, hardware, and 3D imaging enhancing
orthodontic brackets, highlighting digital technology's
pivotal role in the field.

Keywords: Personalized Medicine, Dentistry,
Orthodontics, Oral Surgery, Periodontics, Endodontics,
Oral Carcinoma

Introduction

Precision medicine, also known as personalized
medicine, customizes healthcare by tailoring medical
interventions based on individual characteristics such as
genetic makeup, environmental factors, lifestyle choices,
and personal preferences. It aims to optimize treatment
effectiveness, minimize adverse effects, and enhance
patient outcomes by individualizing medical decisions
and therapies. This approach differs from traditional
medicine, which often employs standardized treatments
based on generalized population data. Precision
medicine utilizes advanced technologies like genetic
testing, molecular profiling, and big data analytics to
personalize medical care, thereby advancing disease
understanding and treatment.’ In dentistry, precision
medicine transforms oral healthcare by harnessing
progress in genetics, molecular biology, and data
analytics to personalize treatments for each patient.
Precision dentistry integrates genetic, environmental,
and lifestyle factors to enhance diagnostic accuracy,
optimize treatment outcomes, and personalize preventive

strategies. By leveraging individual biological

dental treatment efficacy and overall patient well-being.?
Similar to precision medicine, which tailors treatments
based on genetic, lifestyle, and environmental data,
precision dentistry promises to revolutionize dental
practice by offering tailored disease prevention,
diagnosis, and therapy informed by each patient's unique
profile. In dentistry, precision medicine revolutionizes
practice across specialties: Orthodontists customize
treatments for optimal tooth movement and aesthetics
using genetic insights. Periodontists predict periodontal
disease susceptibility with genetic testing, adjusting
preventive strategies. Oral surgeons enhance surgical
outcomes and minimize complications through
personalized planning based on genetic information.
Endodontists improve root canal therapies with genetic
analysis for better microbial targeting. Prosthodontists
design precise dental prosthetics using genetic profiles
for better fit and function.

Pediatric and public health dentists utilize genetic
screening to enhance early detection and tailored
interventions.>  Together, these approaches enhance
diagnostic accuracy, treatment effectiveness, and patient-
centered care in dentistry and beyond, crucial for
advancing cancer therapies and various medical
conditions. Challenges include integrating diverse data
types securely, optimizing model performance, and
addressing bias.* Successful Atrtificial Intelligence
implementation relies on robust data security, insightful
analytics, and collaborative expertise to enhance human
capabilities through augmented intelligence. Leveraging
big data offers transformative opportunities by managing
complex health factors across diverse data types.
Artificial Intelligence and big data analytics are
revolutionizing healthcare, benefiting stakeholders such

as payers, providers, policymakers, patients, and

characteristics and health risks, this approach improves manufacturers. Artificial Intelligence is also pivotal in  (\J
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combating global healthcare fraud, waste, and abuse.
Precision medicine is advancing through Artificial

Intelligence-driven personalized approaches, reshaping

healthcare  delivery models.  Ethical concerns,
encompassing security, privacy, and human rights, are
crucial when deploying Artificial Intelligence

applications across virtual health platforms, clinical

decision support systems, and surgical robotics,
enhancing diagnostics and image-based detection in
healthcare. Augmented intelligence enhances disease
diagnosis and customizes treatment plans based on
individual characteristics and medical history.®Artificial
Intelligence streamlines administrative tasks such as
managing medical records and scheduling appointments,
allowing healthcare providers to focus more on patient
care. Integrating Artificial Intelligence improves
efficiency and care quality, requiring strong ethical
oversight to ensure holistic patient well-being, with final
healthcare decisions informed by human expertise.
Augmented intelligence enhances provider capabilities,
reducing errors while preserving the essential human
touch in healthcare.’

Addressing bias is crucial for equitable care, with tools
like IBM's Artificial Intelligence Fairness 360 detecting
and correcting biases in datasets. Socio-environmental
factors influence Al performance and clinical efficacy,
affecting image quality and patient wait times.
Validating Al in clinical settings and integrating user
feedback are crucial steps prior to widespread adoption,
despite healthcare feedback processes being more time-
consuming and costly than consumer product
evaluations. High-performing Al systems can benefit
from synthetic data generation to mimic real-world
distributions or simulated environments.® Baowaly et
al.'s initial Artificial Intelligence efforts are promising,

but further research is essential.’ Data safety and privacy
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are critical as Artificial Intelligence integrates diverse
data types like genomics and social behaviours in
precision medicine. Trust in Artificial Intelligence-
enabled services hinges on secure ecosystems for data
storage, management, and sharing,  requiring
advancements in technology, collaborations, regulations,
and business models.” Augmented intelligence
empowers consumers with real-time risk communication
and behaviour change tools, enhancing personalized care
through timely interventions. Mobile apps, wearables,
and voice assistants drive innovations in Aurtificial
Intelligence precision medicine, optimizing health tasks
and reducing healthcare costs.* High-throughput
technologies have revolutionized genetic research,
enabling fast and reliable. Whole Genome Sequencing
and Whole Exome Sequencing, enriching omics sciences
with insights into mRNA, epigenetics, metabolites,
proteins, and the microbiome's health impacts. These
applications require interdisciplinary expertise spanning
engineering, medicine, physics, robotics, computer
science, ethics, and biology, driving the advancement of
precision medicine. Precision medicine tailors medical
therapies to individual patients by leveraging omics
sciences like genomics, transcriptomics, epigenomics,
proteomics, and metabolomics to integrate data and
develop highly predictive models of biological systems.
This approach enables rapid diagnosis, dynamic disease
assessment, targeted treatment strategies, and reduces
costs, psychological strain, and physical stress. *?
Discussion

Personalized surgical approaches in medicine are
gaining momentum, moving from standardized
treatments to customized strategies that meet individual
needs. This trend extends to surgical procedures, where
techniques are tailored to fit each patient's unique
outcomes and fewer

anatomy, promising better
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complications. Advanced imaging methods like

Magnetic  Resonance  Imaging and  Computed

Tomography scans support detailed pre-operative
planning, ensuring precise implant placement and
optimizing recovery. This evolution is particularly
significant in areas such as jaw and pre-prosthetic
surgery, improving quality of life through more accurate
implant positioning and fitting.** Moreover, modern
advancements such as robotic-assisted surgery and
augmented reality enhance surgical accuracy by offering
real-time guidance through complex anatomical
structures. These innovations also facilitate remote
collaboration, allowing global experts to contribute
virtually to surgeries and enhancing collective expertise
during critical procedures. Despite its promising
potential, widespread adoption of personalized surgical
approaches faces challenges. Successful implementation
requires substantial investments in training, technology,
and infrastructure.™ Surgeons require specialized
training for personalized techniques. Precision dentistry
and personalized medicine utilize genomic, proteomic,
and metabolomic treatment

analyses to predict

responses, integrating biotechnology and
nanotechnology for tailored treatments. Personalized
medicine considers patient preferences in treatment
planning, while precision dentistry enhances diagnostic
accuracy using genetic, biomarker, and socioeconomic
factors. These fields aim to customize healthcare based
on individual characteristics, though their application in
dentistry is emerging with limited patient awareness. *°

This approach promotes patient empowerment, shared
decision-making, and treatment alignment with patient
values. Advances in high-throughput technology and
biological systems drive interest in personalized
medicine, aiming to optimize treatment choices and

healthcare costs. Effective implementation requires

©2024 1JDSIR, All Rights Reserved

consideration of non-biological, biological, and
environmental factors in decision-making. Validating
each personalized treatment strategy through clinical
trials is crucial to demonstrate superiority over
guideline-based therapies.’® Precision and personalized
medicine tailors interventions based on individual
variability, enhancing diagnosis, providing targeted
therapies, and improving patient outcomes. Integrating
these approaches into routine clinical practice has the
potential to revolutionize healthcare delivery and
improve population health, applicable also to dentistry
by enhancing patient outcomes and managing healthcare
costs effectively through genetic screening and targeted
preventive care for oral diseases.” Predicting patient
reactions to anaesthesia and medications through genetic
testing can significantly decrease adverse effects.
Customizing treatment plans based on genetic and health
data enhances patient adherence and acceptance of
therapies. Early genetic screening can also minimize the
need for invasive diagnostics by identifying high-risk
individuals for conditions such as oral cancer. Despite
challenges in integrating genetic testing into regular
dental practice and addressing logistical and educational
barriers, the potential for long-term cost savings and
enhanced patient care justifies these efforts.’
Personalized dentistry utilizes genetic insights and
individual health information to tailor treatments for
conditions like tooth loss, dental caries, oral cancer, and
malocclusion. By customizing preventive measures and
treatments based on genetic testing; it optimizes
outcomes while navigating ethical considerations around
patient privacy and genetic information use.
Personalized medicine in dentistry enhances treatment
effectiveness, patient satisfaction, and cost-efficiency

despite initial costs

4
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and access challenges. Genetic insights, particularly that
affecting interleukin-1 (IL-1) production, significantly
impact periodontal disease by influencing inflammation
in periodontal tissues and disease progression.” IL-1
genotype predicts susceptibility to periodontitis, guiding
targeted treatments for high-risk individuals, including
variants like those in CDKN2BAS linked to aggressive
periodontitis. This genetic understanding improves
periodontal disease management, optimizing resource
allocation and enhancing treatment outcomes effectively.
While non-shared factors primarily influence periodontal
disease variability, shared environmental factors, like
family experiences and habits, also impact edentulism.?
Rakic et al.'s study assessed osteoprotegerin and
RANKL for diagnosing peri-implant mucositis and peri-
implantitis, noting bone resorption markers in peri-
implant mucositis.”* Dental caries, a widespread oral
health issue affecting many adults and children globally,
is primarily caused by bacteria forming biofilms that
metabolize sugars into acids, which then erode tooth
enamel and dentin. Contributing factors include diet,
fluoride use, oral hygiene, saliva composition, enamel
structure, taste preferences, and immune responses.
Genetic factors such as mutations in genes like Amel X,
KLK4, LYZL2, and AJAP1 play a significant role (40-
60%) in susceptibility to caries. Early identification of
genetic factors can enhance caries management.”
Research into oral cancer's pathogenesis requires further
investigation. Early detection and robust screening using
biomarker-based methods are crucial for improving
survival rates.”® Omics technologies, such as genomics
and epigenomics, enable precise diagnosis through
biomarkers, facilitating personalized therapies tailored to
cancer behaviour. Specific antibodies against cancer
antigens in head and neck cancer aid early detection.

Prompt identification allows for tailored management
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strategies including chemotherapy, radiotherapy, and
surgery based on cancer cell sensitivity, rather than a
uniform protocol. **

In orthodontics, genetics plays an increasing role in
understanding malocclusion origins, variations, and
into oral cancer's

preventive measures. Research

pathogenesis requires further investigation. Early
detection and robust screening using biomarker-based
methods are crucial for improving survival rates. Omics
technologies, such as genomics and epigenomics, enable
precise diagnosis through biomarkers, facilitating
personalized therapies tailored to cancer behaviour.
Specific antibodies against cancer antigens in head and
neck cancer aid early detection. Prompt identification
allows for tailored management strategies including
chemotherapy, radiotherapy, and surgery based on
cancer cell sensitivity, rather than a uniform protocol.”®
In orthodontics, genetics plays an increasing role in
understanding malocclusion origins, variations, and
preventive measures. Class Il malocclusion, commonly
known as Hapsburg jaw, is a monogenic dominant
phenotype linked to specific growth factor genes such as
Indian hedgehog homolog, parathyroid-hormone like
hormone, insulin-like growth factor-1, and vascular
endothelial growth factor. This condition is associated
with genetic loci including 1p36, 12923, and 12q13.
Genes like transmembrane protein 1 and GAD1 are
implicated in cleft lip and palate, while IRF6, PVRL1,
and MSX1 variants are linked to syndromic cases.”®
Personalized orthodontics could leverage individual
genomic data to anticipate risk factors and deliver
precise care for conditions such as cleft lip and palate
and Class Il malocclusions. Recent advancements in
medicine emphasize a shift towards personalized and
precise healthcare, enhancing effectiveness and safety by

integrating genomic evidence into clinical practices.
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With electronic health records, supercomputing, big data
analytics, and genetic testing, precision and personalized
medicine are advancing rapidly. Precision medicine and
personalized medicine have transformed healthcare by
acknowledging individual genetic and biological
uniqueness, tailoring treatments based on genetic
makeup, environmental factors, and Iifestyle.27

Personalized medicine considers holistic patient
attributes like preferences and social context, while
precision medicine uses data and analytics for targeted
treatments. Advancements in medical technology are
enhancing efficiency, cutting costs, and enabling early
disease detection and personalized treatment plans. By
leveraging genotypic and phenotypic insights for both
populations and individuals, these innovations can
validate treatment necessity and improve diagnostic
accuracy of disease variants.®® Precision and
personalized medicine represent a new era in healthcare,
utilizing individual genetics and other sources of
variability to tailor treatments and prevent illness.
Genomics and other "omic" technologies have been
pivotal, enabling this shift from generic to customized
medical interventions. This transformative approach
promises more precise diagnostics, targeted therapies,
and improved patient outcomes, gaining traction across
scientific disciplines and poised for further significance
in the future. Advancements in genetics and genomics
are driving healthcare towards tailored, precise
treatments that promise better outcomes. This includes
improved disease prevention, accurate diagnoses, safer
medication prescriptions, and more effective treatments
across various health conditions.” High-throughput
technology and biological system development have
sparked significant interest in this field, enhancing our
ability to interpret genetic data and understand

physiological processes in health and disease. While
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personalized medicine aims to reduce healthcare costs
and minimize side effects by optimizing medication
choices, it may not be universally applicable to all
disorders. In decision-making for various illnesses, it is
vital to consider non-biological, biological, and
environmental factors. It's also crucial to evaluate the
efficacy of personalized treatment strategies through
clinical trials, standard

comparing them against

guideline-based therapies. Precision medicine and
personalized medicine have transformative potential in
healthcare, offering precise diagnoses, targeted
therapies, and enhanced patient outcomes by tailoring
interventions to individual needs.*® Integrating these
approaches into clinical practice could revolutionize
healthcare delivery and improve population health.
Precision medicine advocates for personalized
healthcare, adapting medical decisions, treatments, and
products to individuals rather than a standardized
approach. Advancements in computer technology and
biomedicine have similarly transformed orthodontics,
enabling customized treatments and boosting efficiency.
orthodontic

Assessing  pertinent technologies and

biological research remains critical. Advances in
computer software, hardware, and 3D imaging will
facilitate more personalized therapy and biomechanical
planning. The potential to manufacture personalized
orthodontic brackets using advanced materials and
digital technology shows promise. Precision medicine
integrates genomic, lifestyle, and environmental
variations to advance illness prevention and treatment.
Orthodontics employs technology to adjust tooth
position and improve craniofacial orthopaedics, now
advancing into precision orthodontics with personalized
appliances and considerations of tissue  stress
distribution.*> Computational power, 3D imaging, and

omics technologies like metabolomics and genomics
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enhance treatment precision by understanding tooth
movement and craniofacial osteobiology. This paper
explores current and future technological and biomedical
advancements in precision orthodontics, facilitated by
improved communication technologies and online
platforms for data access and search capabilities for
healthcare professionals, patients, and the public. This
fuels the demand for innovative orthodontic approaches,
aiming for personalized, efficient, and optimal care.*
Advanced 3D imaging like Computed Tomography and
Magnetic Resonance Imaging, alongside digital models,
enhances diagnosis of dental and skeletal relationships.
These methods support computer-assisted surgical
planning and custom appliance manufacturing, using 3D
printing for precise dental and skeletal adjustments. This
approach offers several distinct advantages for treatment
planning and implementation.

In silico planning integrates projected dental, skeletal,
and soft tissue changes to optimize personalized
diagnosis, and biomechanical

therapy, planning,

reducing complications and improving treatment
efficiency and outcomes. Surgical procedures performed
prior to full dental adjustments can potentially shorten
treatment  duration by

leveraging  biological

enhancements  like  the regional acceleratory
phenomenon, though predicting final tooth and jaw
positions remains challenging.*® 3D digital treatment
simulation facilitates the custom production of surgical
splints and stainless steel archwires, enabling precise
planning and execution of dental and skeletal
movements. This approach has shown significant
reductions in treatment times, improved decompensated
jaw-tooth movements, and enhanced aesthetics. Several
commercial 3D virtual treatment planning programs
have been developed, yet biomechanical planning of

tooth movements remains evolving. Examples include
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Virtual Surgical Planning Technology by 3D Systems,
Simplant and Proplan, and InVivo5® by Anatomage,
which integrate Computed Tomography /Cone Beam
Computed Tomography data, 3D stereophotogrammetry,
and intra-oral occlusal scans for comprehensive 3D
views. Collaboration among surgeons, orthodontists, and
engineers enables replication of dental movements and
osteotomies, translating plans into 3D-designed interim
and definitive splints. Advanced orthodontic appliances
like SMART Retainer®

microsensors to track patient compliance and improve

and Theramon® use

treatment outcomes. These advancements include
monitoring facemask wear duration; refining procedures
based on usage data and applied forces. Developments
also feature coils for data acquisition and transfer, and
calibration equipment for these systems.** SmartArch®
orthodontic wires, such as those from Smart Alloys, are
programmable for optimal forces, potentially leading to
more efficient treatment and shorter appointments. In
precision biomedicine for orthodontics, ongoing basic
research aims to enhance orthodontic tooth movement,
reduce treatment durations, improve tooth anchoring,
and modify skeletal growth.*® Bio-rational therapeutic
approaches are developing, indirectly regulating
biological
Methods  for

craniofacial growth involve manipulating biological,

activities to amplify tooth movement.
controlling tooth movement and
mechanical, and surgical factors, utilizing advanced

wires and appliances, physical and mechanical
stimulation, surgically facilitated orthodontic therapy
inducing regional acceleratory phenomenon, and
localized release of bioactive substances. These methods
employ specialized brackets, arch wires, and intermittent
forces to control tooth movement effectively. Physical
and mechanical stimuli such as vibrational forces, Pulsed

Electro Magnetic Field, electrical currents, and low-level
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lasers (e.g., Acceledent®) are utilized in orthodontics.
Surgical facilitated orthodontic procedures like surgery
first orthodontics, corticotomy, piezocision, and
alveocentesis promote tooth movement through the
regional acceleratory phenomenon (e.g., Propel
Orthodontics).**Biologic and pharmacologic approaches
involve enzymes, molecule-mimicking drugs, and
genome therapy to modify bone turnover. Experimental
studies in birds suggest osteoclast modulation using
inhibitors like alendronate bisphosphonate and MMP-13
impacting skeletal malocclusions, while recombinant
RANKL affects bone growth. The practical application
of bio-pharmaceuticals to control normal skeletal growth
and development in orthodontic treatment is still several
years away due to the lack of a universally recognized
strategy for predicting or quantifying skeletal growth.*’
Further research, including animal models and human
clinical trials, is needed to elucidate the biomolecular
basis of craniofacial growth and potentially pave the way
for future applications of bio-pharmaceuticals in
regulating craniofacial skeletal growth. Although several
bio-pharmaceuticals have been found to accelerate
orthodontic tooth movement and modulate facial growth,
additional studies are necessary to evaluate and identify
the most effective drugs, determine optimal dosages for
maximum efficacy with minimal systemic effects, and
develop "smart" drug delivery systems using advanced
technologies like nanotechnology and microprocessor-
controlled release methods. Patient-specific treatments
hold promise in orthodontics despite the intricate
interplay of genetic and non-genetic factors. One
significant concern in orthodontic care is orthodontically
induced external apical root resorption.*®* An
observational study involving 195 orthodontic patients
analyzed nine clinical and treatment variables, along

with single nucleotide polymorphisms from five genes,
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to identify risk factors for orthodontically induced
external apical root resorption using a multiple linear
regression model. This study highlights the fact that
interactions between genetic and non-genetic factors are
dynamic and evolves over time. For this reason, genetic
testing cannot prevent this iatrogenic event.** Another
work dealing with the effect of supplemental vibratory
force on biomarkers of bone remodelling during
orthodontic tooth movement and the rate of mandibular
anterior alignment examines the concentration of
selected biomarkers of bone remodelling with salivary
multiplex assay before treatment (TO) and at three
following time points (T1, T2, T3). No correlation in the
changes in salivary biomarkers of bone remodelling and
Reverse Midline Asymmetry Analysis is detected with
supplemental vibratory force during orthodontic
treatment with fixed appliances. Precision medicine has
revolutionized the understanding of orofacial clefts, a
diverse group of congenital deformities.” Seventy
percent are nonsyndromic, while others, like Pierre
Robin and Van Der Woude syndromes, include
additional malformations affecting multiple systems.*!
Since the 1990s, advances in genomic techniques,
bioinformatics, and statistical sciences have identified
numerous risk genes and loci. For instance, mutations in
the IRF6 gene, identified in 2002, are linked to over 350
mutations covering approximately 70% of Van Der
Woude syndrome cases.””Genome-wide association
studies have identified this gene as pivotal, also
implicated in nonsyndromic forms.

Furthermore, epigenetic methods are investigating
another potential disease mechanism: epi-mutations,
involving changes in DNA acetylation and methylation.
However, further studies are needed to fully comprehend
this field.*® Bartzela et al., in a retrospective study in

2021, sought to investigate transmission patterns by
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analyzing a very large sample of patients and their
family members. The data collected are not easy to
interpret, partly because there are environmental and
additional factors to consider, such as race, gender, age
of the parents, and mother’s exposure to smoking,
alcohol, drugs, infections, and other potentially
teratogenic agents during the early months of pregnancy.
Their study found that bilateral forms of cleft lip-palate
are more frequently associated with syndromes or other
malformations and affect the male sex more. The female
sex, in contrast, is more affected by cleft palate.* In a
2022 study by Thaweesapphithak et al., patients with
cleidocranial dysplasia, characterized by skeletal
anomalies affecting clavicles, teeth, and cranial sutures,
were examined clinically and radiographically. Exome
identified

pathogenic RUNX2 variants in all affected individuals,

and Sanger sequencing heterozygous
confirming the genetic basis of cleidocranial dysplasia.*
The study revealed new or unusual phenotypes alongside
typical cleidocranial dysplasia features, such as
brachymetatarsia of the left fourth ray, normal clavicles,
phalangeal malformations, and unaffected primary
dentition. This highlights the efficacy of exome
sequencing in detecting mutations across diverse ethnic
backgrounds in cleidocranial dysplasia patients. The
Runt homology domain is crucial for RUNX2 function,
as shown by the two p.Arg225 variants.*® Precision
medicine in pain management employs two main
strategies: repurposing medications originally developed
for other conditions to target specific pain pathways, and
customizing medication treatments based on individual
genetic profiles. In the United States, where over 100
million people suffer from chronic pain, opioids like

tramadol, oxycodone, and codeine are widely used.

©2024 1IDSIR, All Rights Reserved

Codeine's conversion to morphine depends largely on
the cytochrome P450 2D6 (CYP2D6) enzyme, while
tramadol metabolizes into O-desmethyltramadol, a
potent opioid receptor agonist. Variants of cytochrome
P450 enzymes play a crucial role in drug metabolism.
Genetic variations in CYP enzyme genes significantly
affect enzyme activity, influencing drug metabolism in
individuals.*” Genotyping provides essential insights into
drug response, enabling personalized therapy,
particularly for medications metabolized by CYP2C9,
CYP2C19, and CYP2D6 enzymes. Approximately 5-
10% of people are poor metabolizers lacking CYP2D6
2-11% are

metabolizers with reduced activity. poor metabolizers

enzyme activity, while intermediate

and intermediate metabolizers may struggle to

metabolize codeine and tramadol, potentially leading to

inadequate pain relief.*®

Tailoring opioid prescriptions
based on CYP2D6 status is supported by Smith et al.,
demonstrating efficacy.” Thomas et al. evaluated
postoperative pain management by CYP2D6 phenotype,
while Cavallari et al. advocate for clinical adoption of
CYP2D6 genotyping to customize opioid dosing,
improving pain control post-surgery with inhibitors.
Integrating pharmacogenetics into orofacial pain and
temporomandibular  disorders  requires  substantial
effort.*® Propranolol effectively relieves facial pain and
migraines, but variations in the catechol-O-
methyltransferase gene can hinder its effectiveness, as
shown by Slade et al. in a randomized controlled trial.™*
Their findings unexpectedly demonstrated that the A
allele antagonizes propranolol's efficacy, underscoring
the necessity for deeper comprehension of catechol-O-
methyltransferase in pain management for precise
therapies disorders.

targeting temporomandibular

Nonetheless,  challenges  persist, and  further

investigations are essential, given the extensive number
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of enzymes involved in drug metabolism, with known
clinical implications for only a subset of them.
Personalized medicine not only focuses on treatment but
also aims to identify individual cancer risk factors
through genetic traits, personal and family medical
history, and environmental exposures. Human
papillomavirus is a well-known risk factor for specific
oral and orpharyngeal carcinoma, highlighting the
importance of Human papillomavirus vaccination.*
Other recognized risks include tobacco, drug, and
alcohol use. Dentists play a crucial role in identifying
and raising awareness about these factors, advocating for
mitigation where necessary. Oral tongue squamous cell
carcinoma is highly aggressive, prone to metastasis and
recurrence, with a low five-year survival rate. Current
TNM staging does not fully encompass patient
characteristics such as age, sex, and systemic
inflammatory response. Wei Lin et al. conducted a
study to create a predictive nomogram for post-surgery
survival in oral tongue squamous cell carcinoma,
emphasizing clinical traits and serologic inflammation
markers  like  lymphocyte—-monocyte ratio and
Immunoglobulin G levels.”® Personalized medicine
targets individual cancer risk factors through genetic
evaluation, personal and family medical histories, and
environmental exposures such as Huma Papilloma Virus
infection, tobacco, drug, and alcohol use. Dentists play a
crucial role in identifying and raising awareness about
these factors, advocating for preventive measures where
necessary. Oral tongue squamous cell carcinoma, is
highly aggressive, with high metastasis and recurrence
rates and a poor five-year survival rate. Current TNM
staging may not fully consider patient age, sex, or

systemic inflammatory response.*®

©2024 1IDSIR, All Rights Reserved

Future Prospects

The future prospects of precision medicine in dentistry
are promising and poised to revolutionize oral healthcare
in several ways. Advances in genetic screening
technologies will enable dentists to assess individual
genetic predispositions to oral diseases such as

periodontal disease and oral cancers, guiding
personalized risk assessments and preventive strategies
tailored to each patient's genetic profile. Precision
medicine will facilitate the development of targeted
therapies based on genetic and molecular profiles,
leading to more effective treatments with fewer side
effects. Genetic markers identified through precision
medicine can aid in early detection of oral diseases
before symptoms manifest, allowing for timely
interventions and preventive measures to halt disease
progression or prevent it altogether. Dentists will be able
to create personalized treatment plans considering
genetic factors, as well as environmental and lifestyle
influences, ensuring treatments are aligned with patient
preferences and circumstances.”’

Conclusion

Further research is essential despite progress. Ethnic
diversity gaps in databases for physical traits underscore
the need for extensive collaborative efforts to build
comprehensive three-dimensional datasets.
Understanding pharmacological impacts on skeletal
growth and tooth movement, optimizing dosages, and
exploring interactions between metagenomic features
and drug actions are crucial. Advanced drug delivery
methods like timed-release and localized administration
are also critical. Orthodontics can enhance precision by
integrating digital technologies, image analysis, and
techniques for personalized orthodontic therapies based

on patients' molecular genomic profiles.
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